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[57] ' ABSTRACT

‘A high-speed winding apparatus for producing a fila-

mentary spool package on a spool sleeve including
spool holder means which engages the spool sleeve
and which 1s rotatably mounted by means of a first set

- of anti-friction bearings onto a spool carrier which in
-turn 1s rotatably mounted by means of a second set of
- anti-friction bearings onto a support member. Drive
- means are provided to at least rotatably drive said
- spool holder means either directly or by a friction roll

contacting the cylindrical surface of the spool pack-

-age. The spool carrier is preferably also driven by a

common oOr separate drive means at rotational speed
proportionately slower than said spool holder means.

~+ The apparatus is especially useful for the take-up

winding of filaments, threads, yarns or the like as em-

- ployed in spin-drawing and high-speed spinning ma-

chines requiring linear winding speeds in excess of

- 5,000 meters/minute and spool revolutions of more

than 30,000 rpm.

8 Claims, 5 Drawing Figures

. ST

.!-It*dl" —_— e e —— - e

VTS TFTTTITIIFIFFFEFFIoTSSy. TV FNETTES TSI

'-v\v‘vov’ \/ ’v’v’v’v.;( P
¢, ‘.2‘2“;‘ 7

S

N NN N AN NSNS YRR SN

5 7\ I

10e

i

ii “-—“! ]
=l hJ |

LN 2

N/



3,973,739

Sheet 1 of 3

. ~3 , P 7.vav | vavav
POl - /A\ N\ S L \" :”‘4 N 9
l \»\\r/////ﬂl\k £ WN& s ~\~\u&MMWWWMWWWM VWOWQW MOMON‘P(P ;

U.S. Patent Aug. 10, 1976

:1e)

A
AN TIFITVI OO TIITITINOIrSITss

LA RRSIRISSSSSS ?ﬂﬂﬂﬂf’f’ﬁﬂ.ﬁiﬂ

N

S i{lls

. . P omm om - o — [ — ———— » ——

=% \,2.1....!!.,! —
Mm1_l\mwn|llllll..lll
“ o "r//r/”/fé ..MI
st
S g N\ =i
w\ XE N
N\

25 \\\ZIZE\S

1914

e _.“ m‘ NS O F
B s s ) P S S S S S SSAS S

’,

*,

@ N\
//

N

,s?:.z,:.,,:
5&.”& I

&
b.b\
)]

-2z



U.S. Patent Aug 10,1976  Sheet20f3 3,973,739

y

|14

|Oe
1S

FIG. 2
100
|7

|18

19




U.S. Patent  Aug. 10,1976  Sheet3of3 3,973,739

20
4
22'
22

FIG. 3
19

18
|7
|6




3,973,739

1
" WINDING APPARATUS |

A spool wmdmg device which utlllzes ball bearmgs
for rotatable support of a rotating spool carrier or
holder is known from German Gebrauchsmuster Pat.
No. 1,632,457. The maximum spool speed attainable
with this arrangement is limited by the maximum per-
missible rotational speeds of the ball bearings as anti-
friction bearing elements. If the rotational speed of the
spool 1s increased beyond this point, the resulting ex-
cessive rotational speeds of the anti-friction bearing
clements lead to a corresponding increase in wear and
hence to a lowering of their life, provided that opera-
tion is possible at all. Such arrangements therefore are
unsuitable as the take-up or winding apparatus of spin-
drawing and high-speed spinning machines having very
high linear filament or thread velocities which in turn

require extremely high initial speeds of rotation of the

spool |
~ Tt 1s an object of the present invention to prowde a
winding apparatus which permits winding with high
velocities of at least 5,000 and preferably 6,000 to
12,000 meters per minute and more, based upon the
development of desirable rotational speeds of the spool
of approximately 40,000 to 80,000 revolutions per
minute and more. It is also an object of the invention to
‘provide a high-speed winding apparatus which simulta-
neously exhibits very-high wear remstance and opera-
tional stability. - |
In accordance with the invention, 1t has now been
found that a substantial improvement can be achieved
in a winding apparatus for producing a filamentary
spool package on a spool sleeve at high rotational
‘speeds of the spool by providing in combination a spool
‘holder means to interchangeably receive and engage
the spool sleeve for rapid winding, a spool carrier on
which the spool holder means 1s rotatably mounted
‘through a first set of anti-friction bearings, and a sup-
porting member on which the spool carrier 1s rotatably
mounted through a second set of anti-friction bearings.
The anti-friction bearings are preferably roller bearings
in each of said sets. In operating the high-speed winder
of the invention, a positive drive means must be applied
at least to the spool package or the spool holder means
in order to develop the required winding speeds. Pref-
erably, however, the winding apparatus includes means
to rotatably drive each of the spool holder means and
the spool carrier at a different rate of speed, but nor-
mally in the same direction, with the carrier being

driven proportionately more slowly than the spool

holder means. In another especially preferred embodi-
ment, the winding apparatus of the invention includes a
spool holder means and a spool carrier which are cou-
pled to a common drive means by separate power
transmission means which in turn adjust the speed ratio
between the spool holder means and the spool carrier.
These and other features of the winding apparatus of

the invention are explained in greater detail in the 60

- following specification describing several embodiments
of the apparatus taken together with the accompanying
drawings in which:

FIG. 1 is a partly schematic axial cross-section of a
winding apparatus accordmg to the invention in which

a friction roll drive is applied to the developing spool
package while an auxiliary motor is used to separately
drive the spool carrier;
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FIG. 2 is a similar partly schematic cross-section of
another winding apparatus according to the Invention
in which the spool holder means is driven by a conven-
tional variable speed motor through a belt and pulley
drive linkage or connection; and

FIG. 3 is another partly schematic axial cross-section
of yet another winding apparatus according to the in-
vention wherein the spool holder means and the spool
carrier are proportionately coupled to a common rotat-
ing drive means;

FIGS. 4a and 45 schematlcally illustrate a Spool
mounted in a fixed axial position or with a movable
axis, respectively, while a conventional traversing de-
vice is movable with respect to the fixed spool or sta-
tionary with respect to the movable spool.

The same reference numerals are used in the various
embodiments of the drawings to identify identical or
similar elements performing the same function in each
case. Minor variations in structure or arrangement may
be made without changing the essential function of the
designated element.

In all of the FIGS. of the drawmgs the sleeve 1 acts
as a winding base or core for the spool or bobbin pack-
age 2 and is firmly but interchargeably engaged with
the spool holder 4 by means of a clamping ring 3. This
clamping ring 3 may be an elastic, resilient element
which becomes wedged in the narrowing annular cir-
cumferential slot 3’ of holder 4 so as to releasably grip
the sleeve 1. Spool holder 4 1s rotatably mounted by
means of anti-friction bearings, preferably roller bear-
ings 5 and 6, on the spool carrier 7 which 1n turn is
mounted in its support 10 for free rotation by means of
the roller bearings 8 and 9. Support member 10 can be
made of a number of interconnected elements 10a, 105
and 10c for ease of assembly, including the flanged
bearing closures 10e and 10d. In FIG. 1, the bobbin or
spool package closures 10e¢ and 104. In FIG. 1, the
bobbin or spool package 2 is driven by the friction roll
2’ on its cylindrical surface by means of a conventional
motor (not shown) which can be adjusted so that the
roll 2’ rotates at a constant circumferential velocity
corresponding to a predetermined linear thread veloc-
ity. Spool carrier 7 has an auxiliary or independent
drive of its own in the form of a compressed air motor
11 which partially compensates for the friction losses of
the bearings and, as to order of magnitude, proportion-
ately adjusts the rotational speed of spool carrier 7 in
relation to its stationary support as well as to the spool
holder 4 which in turn rotates about the spool carrier.

in FIG. 2, there is shown a winding apparatus with a
directly driven spool holder 4, including a variable-
speed electric motor 12 which is connected via clutch
13 to a transmission shaft 16 which is supported for
rotation in the anti-friction bearings 14 and 15 and
which in turn is operatively connected by means of a
cooperating toothed pulley 17 and toothed belt 18 with
a toothed rim 19 of the spool holder 4. If, as shown, a
toothed pulley and belt is used to drive the spool holder
4, then the speed ratio between transmission shaft 16
and spool holder 4 should preferably be on the order of
1:2 so that the transmisston shaft 16 rotates at approxi-
mately half the rotational speed of the spool holder 4.
If desired, the free end of the spool carrier 7 may be
driven, in analogy to FIG. 1, by means of a compressed
air motor 11 in order to accelerate a build-up of the
intermediate rotational speed of the carrier 7.

As soon as spool carrier 7 has adjusted itself to an
intermediate rotational speed on the basis of the fric-
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tion ratios of the anti-friction bearings as between the
spool holder 4, the spool carrier 7 and the support
member 10, the relative rotational speeds of anti-fric-

tion bearings 5, 6 of the spool holder 4 assume a value

or magnitude which approximates the speeds of the
‘anti-friction bearingss 8, 9 and 14, 15, Thus, the rolling
speeds of the anti-friction rolling elements of all bear-
ings relatively to their races are largely equalized once
the winding apparatus has reached full speed at the
beginning of the winding operation.

The most accurate speed adjustment for a maximum
increase in the speed of the spool holder and, at the
same time, the optimum -utilization of the avallable
wear resistance of the employed sets of anti-friction
bearings may be achieved by coupling the spool holder
4 with the spool carrier 7 to a common drive by means
of a power transmission arrangement, e.g. using differ-
ent gearings from a common drive or transmisssion
shaft. An example for this arrangement is shown in
FIG. 3. The transmission assembly consists of two pul-
ley and belt drives, one of which 17, 18, 19 has previ-
ously been descrlbed In connection with the motor
drive of spool holder 4 as shown in FIG. 2, while the
other consists of the toothed pulley 20 mounted on the
right-hand end of spool carrier 7, the toothed belt 21
and the opposite toothed pulley 22 mounted on the
transmission shaft 16 which also carries toothed pulley
17. These toothed pulley and belt drives are designed
so that the speed ratio between the transmission shaft
16 and spool carrier 4 is preferably about 1:2 while the
'speed ratio between transmission shaft 16 and spool
‘carrier 7 is preferably about 1:1. |

The broken off or free end 22’ of transmission shaft
16 as shown in FIG. 3 is intended to indicate that it is
also possible to connect this specific shaft to an auxil-
lary drive motor, to a prmc:pal drive means or to a
‘speed-varying transmission in the drive motor. An aux-
ihiary drive, such as a compressed air motor 11 as em-
ployed in FIG. 1, is useful in case the bobbin or spool 2
is driven by means of the friction roll 2’, particularly in
order to relieve the bobbin from forces requ:red for the
drive of the transmission and of the spool carrier.

A principal or main drive using a variable speed

motor for driving the bobbin or spool through the me-

dium of the spool holder has already been shown in
FIG. 2. If a constant speed motor is used for the axial
drive of the bobbin 2, which must rotate more slowly as
its diameter increases to maintain a constant feed or
linear velocity of the thread or yarn, then it is also
possible to connect a speed-changing transmission to
the end of the drive shaft, for example using a transmis-
sion or clutch of the frlctlon type. In all of these cases,
the’ desired speed ratio between spool holder 4 and
spool carrier 7 is maintained by means of the toothed
belt drive 20, 21, 22. |

According to the Invention, the problem of maintain-
mg high winding speeds is essentially solved in a wind-
ing apparatus of the type described above by rotatably
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supporting a spool carrier such as the cantilevered

spindle 7 in its support 10 by means of one set of anti-
friction bearings and then further rotatably supporting
a spool holder 4 on this carrier or spindle 7 by means of
another set of anti-friction bearings. In the known
. winding apparatus, the revolving speed of anti-friction

bearing elements is determined by the fact that the
spool holder revolves with a predetermined speed while

a spool carrier or supporting means is stationary. In the
~ device according to the invention, on the other hand,
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4
the relative speed. of revolution of the anti-friction
bearing elements supportmg the spool holder 4 de-
creases, for any given rotational speed of the. spool
holder, as the spool carrier or spindle’7 is put in motion
in the same dlrectlon of rotation as the spool holder.

Alternatively, if the speed of revolution of the anti-fric-

tion bearing elements is assumed to be constant, then
the rotational speed. of the spool holder 4 may be n-
creased as the spool carrier 7 is put into rotary motion
in the same direction of rotation as the spool holder. In
general, for a given design and wear resistance of the
anti-friction bearing elements, one can achieve almost
twice the winding speed of conventional machines.

If the spool carrier 7 does not have a drive of its own
but 1s mounted for free rotation in its support 10, then
it is rapidly put into rotary motion by the bearing fric-
tion of the rotating spool holder 4, particularly if the

bearings have to transmit a considerable amount of

contact pressure resulting from a friction roll drive in
contact with the bobbin. It takes only a short time for
the reduction in rotational speed of the initially highly
loaded anti-friction bearing elements to become effec-
tive. In some cases, however, it will be most desirable to
provide an independent or coupled rotary drive for the
spool carrier 7. In this manner, there is a partial com-
pensation for the bearing friction losses so that'the
bobbin or spool holder is required to transmit less driv-
Ing energy and hence is subject to less stress. In addi-
tion, at the beginning of the winding operation where
the speed of rotation is naturally at a maximum, the
compensating rotational speed of the spool carrier is
fully available for reducing the rotational speed of the
anti-friction bearings which carry the spool holder 4 on
the spool carrier or spindle 7. This compensating or
auxihary drive of the spool carrier is most conveniently
achieved by a compressed air motor connected directly
to the spool carrier as indicated in FIGS. 1 and 2.

If the spool is to be driven from its axis by the spool
holder, rather than by a friction roll imparting a con-
stant. circumferential winding speed, then one adopts
the modifications of FIGS. 2 or 3 where the spool
holder is connected or linked with a rotary drive. For
the_ purpose of maintaining a constant circumferential
winding velocity .during the winding operation, this
rotary drive may be provided with a motor control or
regulating means, known per se for varying the rota-
tional speed so that 1t gradually decreases as the bobbin
diameter increases.

The most advantageous embodlment of the mventlon
1s that of FIG. 3 wherein the spool holder 4 and the
spool carrier 7 are coupled with each other by a trans-
mission or speed-proportioning arrangement. In this
manner the rotational speed ratio of the spool holder to

“the spool carrier becomes fixed (for example. at about

2:1) rather than being left to chance. However, the
speed ratio of holder to carrier need not always be
constant durmg the wmdmg operation. Instead, this
ratio may also be varied in accordance with a predeter-
mined pattern. The control or regulatmg means suit-
able for varying the transmission ratios are generally
known and therefore need not be described in detail.

Where the winding apparatus of the invention is pro-
vided with a speed-changing or transmission arrange-
ment as in FIG. 3, the individual drive of the spool
carrier or spool holder can be dispensed with if -the
device is designed for ax1ally driving the spool and 1f -
either the spool holder or the spool carrier 1s provided
with the principal or main drive means.
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On the other hand, where the winder equipped with
a speed-changing or transmission arrangement is de-
signed for a friction roll drive on the bobbin surface,
then in order to provide relief for the bobbin in connec-
tion with its friction drive, it is most preferred to addi-
tionally drive the spool carrier from its axis.

As shown in FIGS. 44 and 4b, the high-speed winder
according to the invention may be mounted for rota-
tion 1n a stationary support (FIG. 4a) in which case a
filament traversmg device T moves outwardly as the
bobbin diameter increases, or the winder may be
mounted in a support which .is capable of outward
movement with respect to the stationary member, the
traversing means T then also being stationary (FIG.
4b). Both of these arrangements are conventional in
winding machines where the thread or yarn Y is guided
by the traversing means T as it is taken up on the spool
of the winder.

The use of an outwardly movable traversing means T
1s generally preferred for purposes of the present inven-
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tion together with the preferred independent or cou-

pled drive of both the spool carrier or spindle and the
spool holder. When the high-speed winding apparatus
combines these various features, it attains not only very
high operational speeds but it a]so Is readily adaptable
to different winding conditions while providing the
maximum reduction in wear on bearing elements.
Smooth and trouble-free operation of the high-speed
winder can then be maintained over long penods of
time with reasonable maintenance and servicing.

The invention is hereby claimed as follows:

1. In a winding apparatus for producing a filamentary
spool package on a Spool sleeve at high rotational
speeds of the spool, the improvement which comprises:

a spool holder means to interchangeably receive and
engage said spool sleeve on a horizontal axis for
rapid winding;

a spool carrier on which said spool holder means is
rotatably mounted through a first paired set of

 anti-friction bearings;

a multi-element assembled supporting member on
which said spool carrier is cantilevered and rotat-
ably mounted only at its inboard end, which ex-
tends axially from said spool holder means, through
a second paired set of anti-friction bearings, each
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set of bearings being contained in a separately
assembled element adjacent either end of said sup-
porting member; and

means for driving said spool carrier relative to said
spool holder means at a rate proportionately slower

than said spool holder means.

2. A winding apparatus as claimed in claim 1 wherein
said anti-friction bearlngs are roller bearings in each of
said sets.

3. A winding apparatus as claimed in claim 1 wherein
said driving means includes a friction roll drive placed
in direct rolling contact with the spool package being
formed.

4. A winding apparatus as claimed in claim 1 wherein
said driving means includes a rotary drive assembly
operatively connected to said spool holder means for
high speed rotation of the spool package being formed.

S. Winding apparatus as claimed in claim 1 wherein
said driving means includes means operatively con-
nected to rotate only said spool holder means with said
spool carrier being mounted for free rotation, said
spool carrier being rotated by means of the frictional
bearing force imparted by the first set of anti-friction
bearings.

6. Winding apparatus as clalmed in claim 1 wherein
said driving means includes a separate transmission
means for said spool holder means and said spool car-
rier and a common drive means coupled to each said
transmission means. |

7. Winding apparatus as claimed in claim 1 wherein
said supporting member for said Sptml carrier and said
spool holder means is mounted in a fixed position to
provide a stationary spool axis and a filament traversing
device is mounted to move outwardly from said station-
ary spool axis with increasing diameter of the spool
package.

8. Winding apparatus as claimed in claim 1 wherein a
filament traversing device is fixed for traversing move-
ment In a statlonary plane with the supporting member
for said spool carrier and said spool holding means
being mounted for movement of the spool axis out-
wardly from the fixed traversing device as the diameter

of the spool package increases.
¥ % %k ok ok
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